According to IEA Technology Roadmap 2013, deployment of CCS must be started by 2020 where the CO2 capture technologies must be moved to demonstration scale. successful demonstration criteria should include online monitoring and real time analysis where the need of vibrational spectroscopy (IR and Raman) will become an integral part in capture plants in near terms. There is an emerging research interest of using these analytical techniques for lab scale experiments, demonstration plants as well as online monitoring tools for speciation in CO2 capture
INTRODUCTION
According to IEA Technology Roadmap 2013, deployment of CCS must be started by 2020 where the CO2 capture technologies must be moved to demonstration scale. successful demonstration criteria should include online monitoring and real time analysis where the need of vibrational spectroscopy (IR and Raman) will become an integral part in capture plants in near terms. There is an emerging research interest of using these analytical techniques for lab scale experiments, demonstration plants as well as online monitoring tools for speciation in CO2 capture( [1] , [2] ,) [3] ). Raman spectroscopy is a powerful Process Analytical Technology (PAT) and its feasibility for remote sampling and water-independent spectral features make it a possible candidate for online applications in CO2 capture process than IR spectroscopy. However, converting Raman spectra into chemical information require pre-processing prior to interpretation and quantification. Raman intensity is always a combination of noise and chemical signal due to changes of baseline and peak overlaps and may result in erroneous data interpretation. Chemometrics is a multivariate analysis approach which is often preferred to deal with these spectral challenges and is used to calibrate reliable prediction models.
This study describes a demonstration of the effectiveness of Raman spectroscopy for real-time monitoring of complete species distribution (carbonate, bicarbonate, carbamate, free amine, protonated amine, total CO2, total amine) in an monoethanolamine based CO2 capture process. Partial Least Square Regression (PLSR) models were used to develop an online process monitoring system for a laboratory rig at University College of Southeast Norway (USN). The rig at USN consists of an absorption column with 0.1 m diameter and 2.5 m height, and a desorption column with a steam heated reboiler. The maximum liquid circulation rate is 250 kg/h and maximum gas flow rate is 40 Nm 3 /h. The CO2 content in the gas phase is measured by a nondispersive infrared sensor (NDIR) and the CO2 content in the liquid has until now been measured by a titration method. Figure 1 shows a schematic representation of the rig including locations of Raman spectroscopy measurements in rich and lean amine streams. Experiments were carried out in three phases. In the first phase, the rig was operated according to an experimental matrix based on fractional factorial design with varying process conditions. 65 trials were carried out with different combinations of five levels of liquid flow rates (30 -225 kg/h), five levels of gas flow rates (4-30Nm 3 /h) and 6 levels of absorber inlet temperatures (10 -45 0 C). Solvent concentration and CO2 in the inlet flue gas were varied between 25-35 w/w % and 0 -12 v/v % respectively. Raman spectra were acquired in 1 minute intervals by RXN2 Raman analyser and automatically imported to Matlab/Labview interface where further signal processing was done and useful chemical information is extracted using PLSR models. Simultaneously, samples were collected manually from the sampling points located adjacent to each Raman probe locations, pH were measured and CO2 loading and amine concentrations were determined by BaCl2 titration-precipitation method. In the second phase, the rig was operated giving abrupt changes of process conditions in the middle of steady state operation to monitor how the process equilibrium was affected and ability of fast predictions of speciation from the developed system. In the third phase, the rig was operated continuously until amine degradation occurred and the changes of spectral profiles due to formation of degraded products and fluorescence effect due to discoloration were examined. Figure 2 (a)-(f) summarizes results of some trials performed to examine the predictability of the developed system in dynamic process conditions. Gas flow rate, liquid flow rate, temperature of lean stream and CO2 concentration of flue gas were changed abruptly and the responses were observed. Predicted concentrations of carbon species and amine species in lean and rich amine streams of the rig during a total run time period close to 1000 minutes are presented. 
EXPERIMENTAL METHOD

RESULTS
(c)-MEAH+, (d)-carbonate, (e)-bicarbonate and (f)-carbamate
The acquired spectra in conjunction with PLS regression claim its ability to accurately quantify the presence of different species in the two process streams.
CONCLUSION
The process monitoring system developed at USN provides real-time analysis of stream composition, gives immediate process feedback and enables the system to identify the effect of process dynamics for CO2 removal efficiency. A method for spot identification of the formation of degradation products and characterize them during the capture process is proposed. This study demonstrates that even with very high degrees of sample discrepancies, it is viable to obtain reasonable identification using a combination of Raman spectroscopy and chemometrics. The proposed online monitoring system is ready for validation in a real industrial scale testing.
